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Coaq>ositlon and Treataent with Biologically Active 
Peptides and Antibiotic 

This application is a continuation-in-part of 
Application Serial No. 339,292, filed April 17, 1989. 

This invention relates to biologically active 
peptides, and more particularly to compositions and 
uses involving biologically active peptides and an 
antibiotic; in particular an antibiotic selected from 
the class consisting of bacitracins, aminoglycosides, 
hydrophobic antibiotics, penicillins, monobactams or 
derivatives or analogues thereof. 

It has been disclosed that agents such as 
polymyxin B nonapeptide, which disrupt the outer 
membrane of Gram-negative bacteria, increase the 
potency of certain antibiotics, such as fusidic acid, 
novobiocin, and erythromycin, against the organisms 
Viljanen, et al, "Susceptibility of Gram-Negative 
Bacteria to Polymyxin B Nonapeptide," Antimicrobial 
Agents and Chemotherapy. Vol. 25, No. 6, Pgs. 701-705 
(June 1984). Viljanen, et al, in "Susceptbility of 
Gram-Negative Bacteria to the Synergistic 
Bactericidal Action of Serum and Polymyxin B 
Nonapeptide," Can. J. Microbiol. Vol. 32 pgs. 66-69 
(1986), disclose a synergistic effect of polymyxin B 
nonapeptide and serum in bactericidal action against 
^•coli strains, strains of Salmonella tvohiimiT-i nm , 
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Klebisiella species , Enterobacter cloacae . 
Pseudomorias influenzae . Vaara, et al., have 
disclosed a synergistic effect of polymyxin B 
nonapeptide and novobiocin, fusidic acid, 
erythromsrcin, clindamycin, nafcillin, and cloxacillin 
against afmboth encapsulated E. coli and smooth 
Salmone l la typhimurium . Antimicrobial Agents and 
(Aemo therapy . Vol. 24, No. 1, pgs, 107-113. (July 
1983). 

In accordance with an aspect of the present 
inyentioa^ there is provided a composition which 
includes at least one biologically active amphiphilic 
peptide; ai>d a^ antibiotic; in particular an 
antibiotic selected from the group comprising 
bapitracins, aminpglycpsides , hydrophobic antibiotics 
(including but not limited to erythromycin and 
deriya^tives or analogues thereof), penicillins, 
monpbactams , or derivatives or analogues thereof. 

In accordance with another aspect of the present 
invintioa, there is provided a process wherein there 
i3 Administered to a host at least one biologically 
active fiaiphipiiiUc peptide; and an antibiotic; in 
Farticular an loitibiotic selected from the group 
comprising bacitracins, aminoglycosides, hydrophobic 
antiibiotics f including but not limited to 
^^l^^?^5^^ derivatives or analogues thereof), 
pehiclllinst mohobactams , or derivatives or analogues 
thereof* 

' Although ^^^.^^ invention is not to be limited to 
- any theoretical reasoning, it is believed that the 
V pei^tides employed in the present invention interact 

with the membranies of bacterial cells and such 
.interaction enhances the ability of the 

abbye-mentioncd antibiotics to cross the membrane. 
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It is to be understood, however, that the scope of 
the invention is not limited to such antibiotics. 

The bacitracins, and derivatives and analogues 
thereof, are a group of polypeptide antibiotics. A 
preferred bacitracin is bacitracin A. 

Aminoglycoside antibiotics include tobramycin, 
kanamycin, amikacin, the gentamicins (e.g., 
gentamicin Cj^, gentamicin C^, gentamicin Cj^^), 
netilmicin, kanamycin, and gramacidin, polymyxin, 
vancomycin, and teichoplanin and derivatives and 
analogues thereof. The preferred aminoglycosides are 
tobramycin and the gentamicins. The aminoglycosides, 
and the bacitracins hereinabove described, tend to be 
lydrophilic and water-soluble. 

Penicillins which may be employed in accordance 
with the present invention include, but are not 
limited to benzyl penicillin, ampicillin, methicillin 
(dimethoxyphenyl penicillin), ticaricillin, 
penicillin V (phenoxymethyl penicillin), oxacillin, 
cloxacillin, didoxacillin, flucloxacillin, 
amoxicillin, and amldinocillin. Preferred 
penicillins which may be employed are benzyl 
penicillin and ampicillin. A preferred monobactam 
which may be employed is aztreonam. 

As representative examples of hydrophobic 
antibiotics which may be used in the present 
invention, there may be mentioned macrolides such as 
erythromycin, roxythromycin, clarithromycin, etc.; 
9-N-all^l derivatives of erythromycin; midecamycin 
acetate; azithromycin; flurithromycin; rifabutin; 
rokitanycin; a 6-0-methyl erythronQrcin A known as 
TE-031 (Taisho); rifapentine; benzypiperazinyl 
rifamycins such as C6P-7040, C6P-5909, C6P-279353 • 
(Ciba-Geigy); an erythromycin A derivative with a 
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cy.dic carbaroafie fused to the C^^/C^2 Position of a 
macralide rin^ known as A-62514 (Abbott); AC-7230 
(Toyo Jozo); benzoxazinorifamycin; difficidin; 
dirithromycin; a S-N-piperdinomethylzaino methyl 
rifanjy.cin SV known as FCE-ZaZSO (Farmitalia) ; M-119-a 
(Kirin Brewery); a 6-0-methyl-l-4"-0-'carbamoyl 
erythromycin known as A- 6 3075 (Abbott); 
3-formylrifaraycin SV*-hydrazones with 
diasabicyploalkyl side chains such as CGP-27557 and 
qGP-298f (Ciba-Geigy); and 16-membered macrolides 
haying a B-O-alpha-^L-cladinosyl moiety, such as 
3-0-alpha'^Lrcladinosyldeepo7cy rosaramicin; tylosins 
: and.acyi de^^^ tylosins. 

In i^dition to the macrolides hereinabove 
describeii, rifamycinj carbenicillin, and nafcillin 
m^X^ be employed as well . 

Other antibiotics which may be used (whether or 
not hydrophobic), are antibiotics which are 50- S 
ribpsome inhibitors such as lincomycin; clindamycin; 
and ^chloramphenicol; etc,; antibiotics which have a 
lar^e^lipd^d like lactone ring, such as mystatin; 
pimaricin, eti:;, 

The preferred hydrophobic antibiotics are the 
mactol^des. and^^n particular erythromycin and 
derivatives and .analogues thereof. 

The biplogically active amphiphilic peptides 
e^pjltoyed In the present invention are generally water 
soluble^ to a concentration of at least 20-mg/ml at 
neutral pE in water. In addition, the structure of 
such peptide provides for flexibility of the peptide 
molecule^ When the peptide is placed in water, it 
: does not assume axi amphiphilic structure. When the 
peptide encounters an oily surface or membrane, the 
peptide chain folds upon itself into a rod-like 
structure. Such peptides are also preferably 
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non-hemolytic; i.e.; they will not rupture blood 
cells at effective concentrations. 

In general, such peptides have at least 16 amino 
acids, and preferably at least 20 amino acids, in 
most cases, such peptides do not have in excess of 50 
amino acids. 

In general, the biologically active petpdies 
employed in the present invention are ion 
channel -forming peptides. An ion channel- forming 
peptide or ionophore is a peptide which increases the 
permeability for ions across a natural or synthetic 
lipid membrane. B. Chris tensen et al. PNAS Vol. 85 
P. 5072-76 (July, 1988) describes methodology which 
indicates whether or not a peptide has ion 
channel -forming >roperties and is therefore an 
ionophore. As used herein an ion channel- forming 
peptide is a peptide which has ion channel- forming 
properties as determined by the method of Christensen 
et al. In most cases, the ion channel forming 
peptides used in the present invention are anion 
channel forming peptides (the peptides increase the 
permeability of anions) as determined by the method 
of Christensen et al. 

An amphiphilic peptide is a peptide which 
includes both hydrophobic and hydrophilic peptide 
regions . 

Although the biologically active amphiphilic 
(amphipathic) ion channel- forming peptides are 
capable of forming ion channels, the ability of such 
peptides and the above-mentioned antibiotics to 
potentiate each other is not necessarily dependent 
upon the antibiotic crossing a membrane through such 
channels. Thus, although the ability to form ion 
channels may be a characteristic of a type of peptide 
used in the invention, the invention is not limited 
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to the formation and/ or use of such channels as part 
of the mechanism for the peptide potentiating the 
antibiotic or vice versa. Similarly, although 
Applicant believes that such peptides interact with 
the membrane of bacterial cells and such interaction 
is the mechanism by which the antibiotic potentiates 
the peptide and vice versa, the present invention is 
not limited to such a mechanism. 

The term "potentiate", as used herein, means 
,eit|ier that the biologically active amphiphilic 
peptide is effecitive in increasing the biological 
activity of the above-mentioned antibiotics against a 
ta^j^t cell so thereby the antibiotic may be employed 
in an.iamount lower than which would be required for 
preventing, destroying or inhibiting growth of a 
tairget ce|l, and/or that the peptide may be employed 
in an amotmt lower than which would be required for 
preventing, destroyit^s, or inhibiting growth of a 
target cell* 

The administration of the biologically active 
amp^philic peptides and antibiotic to a target cell 
ma^ be direct administration to the cell or systemic 
or t:opical acbainistration to a host which includes 
the target cell, in order to prevent, destroy, or 
i^^bit the growth of a target cell. Target cells 
whose growth may be prevented, inhibited, or 
destroyed by the administration of the biologically 
active; amphiphilic peptide and antibiotic include 
Grai^rpositive and Gram-negative bacteria. 

For example, erythromycin, when employed without 
1:he^^above-mentioned peptides, is effective only 
against Gram- positive organisms. Applicants have 
found unexpectedly that erythromycin, when employed 
in combination with the above-mentioned peptides , is 
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potentiated such that it becomes biologically 
effective against Gram-negative bacteria. Moreover, 
the erythromycin may be employed against 
Gram-positive bacteria in amounts lower than those 
normally used. Furthermore, such a result can be 
achieved by using peptide amounts lower than those 
normally used. 

The peptides employed in the present invention 
are capable of interacting selectively with membranes 
of bacteria. 

In general, the peptide is employed to provide 
peptide dosages of from 1 rag to 500 mg per kilogram 
of host weight, when administered systemically . When 
administered topically, the peptide is used in a 
concentration of from 0.1% to 10%. 

The antibiotic, such as those hereinabove 
described, or derivatives or analogues thereof, when 
used topically, is generally employed in a 
concentration of about 0.1% to about 10%. When used 
systemically, the antibiotic or derivative or 
analogue thereof is generally employed in an amount 
of from 1.25mg to about 45mg per kg of host weight 
per day. 

The use of a combination of peptide and an 
antibiotic such as those hereinabove described, or 
derivatives or analogues thereof in accordance with 
the present invention is effective as an antibiotic, 
and may be employed to inhibit, prevent or destroy 
the growth or proliferation of microbes, such as 
bacteria. 

The compositions have a broad range of potent 
antibiotic activity against a plurality of 
microorganisms. Including Gram-positive and 
6ram«negative bacteria. Such compositions may be 
employed for treating or 



controlling microbial infection caused by organisms 
which ar«t sensitive to such composition. The 
treatment may comprise administering to a host 
organism or tissues acceptable to or affiliated with 
a mi^^crobial infection an anti-microbial amount of 
such peptide and an antibiotic. 
^ The compositions may also be used as 
preservatiivies or sterilants for materials susceptible 
to ifiicrobial coiitaraination. 

In a.ccoi:dance with a preferred embodiment, the 
peptride used in conjunction with an antibiotic such 
as : those hereixiabove described, or derivatives or 
analogues^ thiireof is a basic (positively charged) 
J>blypeptide having at least sixteen amino acids 
wherein the polypeptide includes at least eight 
hydrophobic Itmino acids and at least eight 
hydrophilic aral^^^ Still more particularly, 

the hydrophobic ^a^ttino acids are in groups of two 
adjacent amino acids, and each group of two 
hydrophobic amino acids is spaced from another group 
of two hydTrophobic amino acids by at least one amino 
acid other than ifa hydrophobic amino acid (preferably 
at least two amino acids) and generally by no greater 
titan four: amino acids » and the amino acids between 
pairs of hydrophobic amino acids may or may not be 
hydrdphilic. : • 

the Iqrdrophilic amino acids are generally also 
in gvbtips of t^o adjacent amino acids in which at 
least oiie of the two amino acids is a basic 
hydrophilic amino acid, with such groups of two 
hydrophilic amino acids being spaced from each other 
by at least otie amino acid other than a hydrophilic 
amino acid (preferably at least two amino acids) and 
generally no greater than four amino acids, and the 
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amino acids between pairs of hydrophilic amino acids 
may or may not be hydrophobic. 

In accordance with a particularly preferred 
embodiment, the polypeptide comprises a chain of at 
least four groups of amino acids, with each group 
consisting of four amino acids. Two of the four 
amino acids in each group are hydrophobic amino 
acids, and two of the four amino acids in each group 
are hydrophilic, with at least one of the hydrophilic 
amino acids in each group being a basic hydrophilic 
amino acid and the other being a basic or neutral 
hydrophilic amino acid. 

The hydrophobic amino acids may be selected from 
the class consisting of Ala, Cys, Phe, Gly, He, Leu, 
Met, Val, Trp, and Tyr. The neutral hydrophilic 
amino acids may be selected from the class consisting 
of Asn, Gin, Ser, and Thr. The basic hydrophilic 
amino acids may be selected from the class consisting 
of Lys, Arg, and His. 

Each of the groups of four amino acids may be of 
the sequence ABCD. BCDA. CDAB, or DABC, wherein A and 
B are each hydrophobic amino acids and may be the 
same or different, one of C or D is a basic 
hydrophilic amino acid, and the other of C or D is a 
basic or neutral hydrophilic amino acid and may be 
the same or different. In a preferred embodiment, 
the polypeptide chain may comprise 5 or 6 groups of 
this sequence. In each group, each of A, B, C and D 
may be the same in some or all of the groups or may 
be different in some or all of the groups. 

The polypeptide chain preferably has at least 20 
amino acids, and no greater than 50 amino acids. It 
is to be understood, however, that the polypeptide 
does not have to consist entirely of the groups 
described above. The polypeptide may have amino 



acids extending from either or both ends of the noted 
' gt^oups forming the polypeptide chain and/or there may 
be amino acids between one or more of the at least 
fovir groups and still remain within the scope of the 
invent ion . 

The groups of amino acids may be repeating 
groups of amino lacids, or the amino acids in the 
various groups may vary provided that in each group 
of ibhe at least four groups of amino acids there are 
two hydrophobic and two hydrophilic amino acids as 
hereinabove noted. 

thusy in a preferred embodiment , the 
bidlogically active polypeptide comprises a chain 
: including at least four groups of amino acids, each 
containing four .amino acids. Two of the four amino 
aci^s in each group are hydrophobic, at least one 
amitio acid is basic hydrophilic, and the remaining 
one is basic or neutral hydrophilic, with the 
polypeptide chain preferably having at least 20 amino 
acids but no greater than 50 amino--acids . 

In one embodiment, each of the at least four 
groups of amino acids which are in the peptide chain 
is of the sequence A-B-C-D, B-C-D-A, C-D-A-B or 
D-A-B-C wherein A and B are hydrophobic amino acids, 
one of C or D is basic hydrophilic amino acid, and 
the other of G or D is basic or neutral hydrophilic 
amino acid. The resulting polypeptide chain, 
theifefore, may have one of the following sequences: 
.(Xi)^(A-B-C-D)^(Yj)j, 

(X2)^(B-C-D-A)^(Y2)b 
; (X3)^(C.D-A-B)^(Y3)j, 
^ (X4)^(D-A.B-C)^(Y^)j, 
- • ■ 

wherein is D; C-D- or B-C-D-, Yj^ is -A or 
■ -A-B or -A-B-C 
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X2 is A-, D-A- or C-D-A- 
Y2 is -B, -B-C or B-C-D 
Xjis B-, A-B-, D-A-B- 
Y3 is -C, -C-D, -C-D-A 
X^is C-, B-C-, A-B-C- 

is -D, -D-A, -D-A-B 
a is 0 or 1; b is 0 or 1 
and n is at least 4. 

It is to be understood that the peptide chain 
may include amino acids between the hereinabove noted 
groups of four amino acids provided that the spacing 
between such groups and the charge on the amino acids 
does not change the characteristics of the peptide 
chain which provide amphiphilicity and a positive 
charge and do not adversely affect the folding 
characteristics of the chain to that which is 
significantly different from one in which the 
hereinabove noted group of four amino acids are not 
spaced from each other. 

As representative examples of peptides in 
accordance with the present invention, there may be 
mentioned. 

I Ala- Phe- Ser-Ly s - Ala-Phe- Ser-Ly s -Ala-Phe- Ser- 
Lys-Ala-Phe-Ser-Lys-Ala-Phe-Ser-Lys 

II Ala-Phe- Ser-Lys-Ala- Phe- Ser-Lys -Ala-Phe- Ser- 
Ly s -Ala- Phe- Ser-Ly s -Ala- Phe- Ser-Lys - Ala- Phe - 
Ser-Lys . 

III Phe- Ser-Lys-Ala-Phe- Ser- 
Ly s -Ala- Phe- Ser-Ly s -Ala- 
Phe- Ser-Lys -Ala- 

IV Ser-Lys-Ala-Phe-Ser-Lys-Ala- 
Phe-Ser-Lys-Ala-Phe-Ser-Lys-Ala- 
Phe- Ser-Lys -Ala-Phe- 

V Lys-Ala-Phe-Ser-Lys-Ala-Phe-Ser-Lys-Ala-Phe-Ser- 
Lys-Ala-Phe-Ser 



yfi>90/liSS7. PCr/US90/01974 



-12- 

The peptide may have amino acids extending from 
either end of the chain. For example » the chains may 
have a Ser-Lys sequence before the "Ala" end, and/or 
an Ala-Phe sequence after the "Lys" end. Other amino 
acid sequences may also be attached to the "Ala" 
and/or the "Lys" end. 

Similarly, in any polypeptide chain having at 
least four groups of amino acids of the sequence as 
described above, the chain may have, for example, a 
C-p. sequence before the first A*B-C-D group. Also 
other am^o acid sequences may be attached to the "A" 
andifbr the VDV . end of one of these polypeptide 
chains. Also there may be amino acids in the chain 
which space one or more groups of the hereinabove 
noted four amino adids from each other. 

; The peptides! may be produced by known techniques 
andL^obtained in substantially pure form. For 
exalnple, the peptides may be synthesized on an 
autpraiatic synthesizer. Journal of the American 
Chemical Society . Vol. 85 Pages 2149-54(1963). It is 
.also possible to produce such peptides by genetic 
engineering techniques • 

In accordance with another preferred embodiment, 
the peptide employed in conjunction with an 
antibiotic such as those hereinabove described, or 
der|.vativlss or analogues thereof may be a magainin 
■ ' peptide. 

A magainin peptide Is either a magainin such as 
Magainin I , II or III or an analogue or derivative 
thereof. The magainin peptides may Include the 
following basic peptide structure X^^ 

• — ^11"%1^^12"^13"^11'^14"^12"^11'^I4" 

^12"^ir^irhl"h4a"(h5)n"^14a'^14 " 
wherein Rj^^ is a hydrophobic amino acid, 

a basic hydrophllic amino acid; R^^ is a hydrophobic, 
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neutral hydrophillc, or basic hydrophilic amino acid; 
Rj^^ and Rj^^^ are hydrophobic or basic hydrophilic 
amino acids, Rj^^ is glutamic acid or aspartic acid, 
or a hydrophobic or basic hydrophilic amino acid, and 
n is 0 or 1. In a preferred embodiment, Rj^^ is a 
hydrophobic or neutral hydrophilic amino acid, Rj^^^ 
is a hydrophobic amino acid, and Rj^^ is glutamic acid 
or aspartic acid. 

Thus, for example, a magainin peptide may 
include the following structure: 

^12 ■ ^12' 

where X-^^ hereinabove described basic 

peptide structure and Tj^j 
(1) Ri2 
(ii) It^^^ - R12; 

(iii) I^irlli4a-^12 5 ^^'^ 

(iv) ^14"^ll"^14a"^12 

where Rj^j^, Rj^2» ^lU* ***** '^lAa " previously 
defined. 

A magainin peptide may also have the following 
structure: 

■^12"^12" 

wherein X^^ *s previously defined and Zj^2 

(i) Rjg where Rj^g is a basic hydrophilic 
amino acid or asparagine or glutamine; or 

(ii) ^16"^17 where Rj^^ is a neutral 
hydrophilic amino acid, a hydrophobic amino acid, or 
a basic hydrophilic amino acid. Preferably, Rj^^ is a 
neutral hydrophilic amino acid. 

A magainin peptide may also have the following 
structure: 

^^12^a " *12 " (^12^b 

where Xj2» Yj^2» ^12 previously 
defined, and a is 0 or 1 and b is 0 or 1. 
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The magaihln peptides may also include the 
•following basic peptide structure X^^: 

^14%l"^14a"^12"^H"hl"h2"^13-^ll-^14- 
' ^IZ'^li'^ll'^lZ'' 

vherein R.^^ , » » . and Rj^^^^ are amino 
acids a.s hereinabove described. 

The^; magainin peptide may also include the 
fqUoi^ing structure ^i^'Hs' therein is the 
^^^*»i^>'»v« described basic peptide structure and Z,- 

(Rl4V(Rl6V(Rl7y , wherein Rj^^, R^^^, r^^^^, 
^15 ' '^le* ^17 ^" amino acids as hereinabove 
described, and n is 0 or 1, and each n may be the 
same ot different . 

The magainin peptides generally include at least 
foirrteen amino acids and may include up to forty 
• , amitio acids. A magainin peptide preferably has 22 or 
23^ino acids. Accordingly, the hereinabove 
described basic peptide structures of a magainin 
peptide may include additional amino acids at the 
amino end or at the carboxyl end, or at both ends. 

As representative examples of such magainin 
peptides, there may be mentioned peptides having the 
following primary sequence (expressed as a single 
letter code) as well as appropriate analogues and 
derivatives thereof: 

(a) (HH2> GIGKrLHSAGKFGKAFVGEIMKS(OH) or (NH^) 
(Magainin I) 

(b) (NHg) GIGKFLHSAKKFGKAFVGEIMNS(OH) or (NH^) 
(Magainin II) 

(c) (NH^) GIGKFLHSAKKFGKAFVGEIMN(OH) or (NH2) 
. (Miigainin III) 

: The following are examples of peptide 
derivatives or analogs of the basic structure: 
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(d) (NH2) IGKFLHSAKKFGKAFVGEIMNS(OH) or (NH2) 

(e) (NH^) GKFLHSAKKFGKAFVGEIMNS(OH) or (NH^) 

(f) (NHg) KFLHSAKKFGKAFVGEIMNS(OH) or (NHj) 
Magainin peptides are described in Proc. Natl. 

Acad Sci. Vol. 84 pp. 5449-53 (Aug. 1987). The term 
"magainin peptides" as used herein refers to the 
basic magainin structure as well as derivatives and 
analogs thereof, including but not limited to the 
representative derivatives or analogs. 

In accordance with a further embodiment, the 
peptide employed in conjunction with an antibiotic 
such as bacitracin, tobramycin or gentamicin or 
derivatives or analogues thereof may be a PGLa 
peptide or an XPF peptide. 

A PGLa peptide is either PGLa or an analogue or 
derivative thereof. The PGLa peptides preferably 
include the following basic peptide structure X^^: 

- I^ii-Ri7-Ri2-Rii-Ri4-Rii-Rii- 

^ll'^14'^12'^ll'^ll"*12"*ll" 
^11"^11'^12* 
where Rj^j^* ^12* ^14' ^17 previously 
defined. 

The PGLa peptides generally include at least 
seventeen amino acids and may include as many as 
forty amino acids. Accordingly, the hereinabove 
described basic peptide structure for a PGLa peptide 
may include additional amino acids at the amino end 
or at the carboxyl end or at both the amino and 
carboxyl end. 

Thus, for example, a PGLa peptide may have the 
following structure: 

■^14"^14" 

where Xj^^ is as previously defined and 
^14 i« 

(i) Rii; 
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(li) Ri^-Rii 



where R^^^ is as previously defined. 
For example, a PGLa like peptide may also have 
the following structure: 



"^14"^14" 



where Xj^^ is as previously defined; and Z^^ is: 
(i) K^^i or 

^ (ii) Hi'Hi 

where "R^^ is as previously defined. 
A PGLa peptide may also have the following 
structure: 

where Xj^^; Yj^^ and Z^^ are as previously 
defined, a is 0 or 1 and b is 0 or 1. 

An XPF peptide is either XPF or an analogue or 
derivative thereof. The XPF peptides preferably 
include the following basic peptide structure X,^: 

^11"^14"%'^11"^11"^12' 

:^U'^ll" *ll"*12"^15"^ll*"' 
Wherein Rjj^, Rj^^, r^^^ and JL^^ are as 

previously defined and Rj^g is glutamine or 
; Asparagine. 

Th^*XPF peptides generally include at least 
nineteen amino acids and may include up to forty 
amir© acids. Accordingly, the hereinabove described 
bagi% peptide structure of XPF may include additional 
aiBin» acfds at the amino end, or at the carboxyl end 
or ait both the amino and carboxyl ends. 

';^s, for exan^ie, an XPF peptide may include 
the following structure; ■ ■ ■ ■' 

■^16~^16" 

Where Xj^g is as previously defined and Yj^g is 

(i) Rj^^ or 

(ii) R^^.R^j 
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where Rj^^^ and Rj^^ are is as previously defined. 
An XPF peptide may include the following 
structure: 

"^16'^16" 

where Xj^g is as previously defined and Z^g is 

(i) Rj^j,; or 

(ii) ^ii"^i8' 

(ill) Rj^j^-Rj^g-Proline; or 

(iv) R3^j-Rj^8-Proline-Rj^2 
An XPF peptide may also have the following 
structure: 

where Xj^g, Yj^g and Zj^g are as previously 
defined: a is 0 or 1 and b is 0 or 1. 

Preferred are XPF or PGLa peptides, which are 
characterized by the following primary amino acid 
sequence (single letter amino acid code): 

PGLa : GMASKAGAIAGKIAKVALKAL (NH^) 

XPF : GWASKIGQTLGKIAKVGLKELIQPK 

A review of XPF and PGLa can be found in Hoffman 
et al, EMBO J. 2:711-714, 1983; Andreu et al, 
Biochem. 149:531-535, 1985; Gibson et al J. Biol. 
Chem. 261:5341-5349, 1986; and Giovannini et al, 
Biochem J. 243:113-120, 1987. 

In accordance with yet another embodiment, the 
peptide employed in conjunction with an antibiotic 
such as those hereinabove described, or derivatives 
or analogues thereof may be a CPF peptide or 
appropriate analogue or derviative thereof. 

A basic CPF peptide structure as well as 
analogues and derivatives thereof are herein 
sometimes referred to collectively as CPF peptides. 

The CPF peptide is preferably one which includes 
the following peptide structure Xjq: 

'^2r^2l"^22'^22"^2r^2l'^23"^21" 
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H. . ■^2l"^2l'^23'^21'^2l"^24"^25"^2l' 

wherein R2j^ is a hydrophobic amino acid; 

is a hydrophobic amino acid or a basic 

hydrophilic amino acid; 

R23 is a basic hydrophilic amino acid; and 
^24 * hydrophobic or neutral hydrophilic 

amino acid; and 

^25 ^® * basic or neutral hydrophilic amino 

acid. 

; The, hereinabove basic structure is hereinafter 
symbolically indicated as X^q. 

The hydrophobic amino acids may be Ala, Cys, 
Phe, Gly, He, Leu, Met, Val, Trp, and Tyr. 

^ The neutral hydrophilic amino acids may be Asn, 
Gin, Ser, and Thr. 

The basic hydrophilic amino acids may be Lys, 
Arg, and His. 

The CPF peptide may include only the hereinabove 
noted amino acids or may include additional amino 
acids at th«[ amino end or carboxyl end or both the 
. amino and carbojtyl end. In general, the peptide does 
noi: Include more than 40 amino acids. 

? The CPF peptides including the above basic 
peptide structure may have from 1 to 4 additional 
amino acids at the amino end. Accordingly, such 
pr«£esred peptides may be represented by the 
' structural formula: 

whei?ein X3Q is the hereinabove described basic 
pep1:ide s^tructure and Y^q is 

(1) ^5" • °' 

' (^i> ^22-^25 » °' 

(ill) ^r^22"^25' °^ 
<iv) \^2'^21'^22"^25' P"ferably 
Glycine -R2rR22-^25- 
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wherein ^21* ^22' ^25 *® previously 
defined. 

The carboxyl end of the basic peptide structure 
may also have additional amino acids which may range 
from I to 13 additional amino acids. 

In a preferred embodiment, the basic structure 
may have from 1 to 6 additional amino acids at the 
carboxyl end, which may be represented as follows: 

"XjQ-ZjQ wherein 

X3Q is the hereinabove defined basic peptide 
structure and Z3Q is 

(i) Rzi-' 

(ii) ^21-^21- 5 

(iii) ^21-^21-^5 

(iv) 1^21-^21-^24-^245 

(V) 1^21-^21-^24-1^24-^^26 5 

(vi) ^21-^21-^24-^24-^26-°l"5 °r 

(vii) R2l"^21-^24"^24-^26-°^"-®l'^« 
wherein R^j^ and R^^ are as previously defined, 

and R2g is proline or a hydrophobic amino acid. 

Preferred peptides may be represented by the 
following structural formula: 

(^ao^a'^'^o-^^ao^j, 

wherein X^q, Y^q and Zjq are as previously 
defined and a is 0 or 1 and b is 0 or 1. 

Representative examples of CPF peptides which 
are useful in the present invention have been 
described in the literature and comprise the 
following sequences (single letter amino acid code): 

(1) GF6SFLGLALKAALKIGANALGGAPQQ 

(2) GLASFL6KALKA6LKIGAHLL66APQQ 

(3) GLASLLGKALKAGLKIGTHPLGGAPQQ 

(4) GLASLLGKALKATLKIGTHFLGGAPQQ 

(5) GFASFLGKALKAALKIGANMLGGTPQQ 

(6) GFGSFLGKALKAALKIGANALGGAPQQ 
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: : (7) GFGSFLGKALKAALKIGANALGGSPQQ 
(8) GFASFLGKALKAALKIGANLLGOTPQQ 
A review of the CPF peptides can be found in 
Rlchter, K., Eggerj R. , and Kreil (1986) J. Biol. 
Chem. 261, 3676-3680; Wakabayaahi, T. Kato, H. , and 
Tachibaba, S. (1985) Nucleic Acids Research 13, 
1817-1828; Gibson, B.W., Poulter, L. , Williams, D.H. , 
aiid Maggio, J.E. (1986) J. Biol, Chem. 261, 
5341-5349. 

CPF peptides which may be employed in the 
present invention are represented by the following 
(single letter amino acid code): 

612S3L64ALKA5LKIG678LG69 ( 10 )QQ 

F, L 
6. A 
F, L 
K, L 
A, G, T 
A, T 
H, N 

A, M, F, L 
A, S, T 
P, L 

The numbered .amino acids may be employed as 
described in atiy combination to provide either a 
ba^^ CPF peptide structure or an analogue or 
derivative. The term CPF peptide includes the basic 
peptide structure as well as analogues or derivatives 
thei^eof . 

In still another embodiment, the peptide 
employed in conjunction with an antibiotic such as 
those hereinabove described, or derivatives or 
analogues theteof is a cecropin. The cecropins and 
anklogues .and derivatives thereof are described in 



Where : 

1 

■2 ,>' 

3 = 

4 s 
5 

6 

7 = 

8 a 

9 = 

10 a 
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Ann. Rev. Microb^o^ iq«7, ^|ol, 41 pages 103-26. in 
particular p. 108 and Christensen at al PNAS Vol. 85 
p. 5072-76, which are hereby incorporated by 
reference. 

The term cecropin includes the basic structure 
as well as analogues and derivatives. 

In yet another embodiment, the peptide employed 
in conjunction with an antibiotic such as those 
hereinabove described, or derivatives or analogues 
thereof is a sarcotoxin. The sarcotoxins and 
analogues and derivatives thereof are described in 
Molecular EntomoloRy . pages 369-78, in particular p. 
3.75 Alan R. Liss Inc. (1987), which is hereby 
incorporated by reference. 

The term sarcotoxin includes the basic materials 
as well as analogues and derivatives. 

The bacitracins which may be employed in 
accordance with the present invention tend to be 
hydrophilic and water-soluble. The preferred 
bacitracin is bacitracin A. which is of the following 



structure: 



t 

P-CfU 



Preferred aminoglycoside antibiotics which may 
be employed are tobramycin and the gentamicins. 
'^^l^'^''^'' K following Structure: 
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The gentamicins (Gentamlcin C^^, Gentamicin C2 , 
and Gentamicin Cj.^), as well as netilmicin, have the 



following basic structure: 




For Gentamicin Cj^, and each are CH^, the C^-C^ 
bond is a single bond, and R^ is H. For Gentamicin 
^2' ^1 ^® ^3' ^2 ***** ^3 ^^^^ the C^-C^ 



R 



2 



bond is a. single bond. For Gentamicin C, , R, . 

xa 1 < 

and each are H, and the C^-C^ bond is a single 
bond. For netilmicin, Rj^ and R^ each are H, R^ is 
and^the C^-C^ bond is a double bond. 
Other aminoglycosides which may also be employed 
withiii the scope of the present invention include, 
but arfe not limited to, kanamycin and amikacin, as 
well as netilmicin, gramacidin, polymyxin, 
vahcoinycin, and teichoplanin, Kanamycin and amikacin 
are both of the following basic structure: 

Fjr kanamycin, R is H, and for amikacin, R is: 
& OH 

C - 6l - CH^ - CH^ - NH^ 

Erythromycin, which is isolated f rem • 
^Streptomvces erv threus . is a member of a group of 
compounds known as macrolides. The basic structure 
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is a large lactone ring to which unusual sugars are 
attached. The term "macrolide" refers to a large 
ring formed from a chain of 14 to 20 carbon atoms by 
lactone condensation of a carboxyl and hydroxyl 
group. Other macrolides include oleandomycin, 
spiramycin, kitasamycin, and carbonmycin. 
Erythromycin is of the foll^v^ing structure: 



zoll^v^in 



Of, 
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It is also to be understood that other macrolide 
antibiotics, such as roxythromycin, clarithromycin, 
and others hereinabove described, may be employed as 
well. 

For purposes of Illustration of examples of 
other macrolide structures, the following examples, 
in addition to the above structure of erythromycin, 
are given below. 

Rokitamycin is of the following structure: 
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CGP-7040, a benzapiperazinyl rifamycin, has the 
following structure: 



It is to be understood, however, that the scope 
of the present invention is not to be limited to the 
specific macrolides or macrolide structures 
hereinabove described. 

Preferred penicillins which may be employed in 
accordance with the present invention are benzyl 
penicillin (penicillin G) and ampicillin 
(alpha-amino-benzyl penicillin). Benzyl penicillin 
is of the following structure: 



A preferred raonobactam which may be employed in 
accordance with the present invention is aztreonam, 
which is of ti^ following structure: 



It is toHje understood, however, that the scope 
of the invention is not to be limited to the specific 





Ampicillin is of the following structure: 
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antibiotics and antibiotic structures hereinabove 
described. 

The present invention will be further described 
with respect to the following examples, however, the 
$bi»pe of the invention is not to be limited thereby. 

Example 1 

S. aureus organisms are grown to mid log phase, 
and then diluted to 10'' organisms /ml in 1/2 strength 
trTptipase soy broth. After the incubation of the 
org]iqi,sas, the minimal inhibitory concentraion in 
ug/ftl for Z- 52 M6- 2 (amide- terminated), PGLa, CPF 
Z-ib, i-97, Magainin II, and Z-74 peptides, against 
S; aureus was measured when each peptide was added 
V alone to the organisms. "MG-2 (amide)" Is 
amide- terminated Magainin II, and "Magainin II" is 
ciriojcy- terminated Magainin II. A- 9 7 peptide Is of 
the' following structure: 

GIGKFLHSAGKFGKAFVKIMKS - amide 
Z-74 peptide is of the following structure: 

B-Ala-GIGKFLHAAKKFAKAFVAEIMNS - amide 
The :P6La peptide is of the following structure: 

(5HASKAGAIA6KIAKVALKAL- amide . 

The minimal, inhibitory concentration (MIC) for 
each peptide was then measured when 20% of the 
minioial inhibitory concentration of bacitracin, 
tobramycin or gentamldn, respedtvely, is added to 
the organisms along with the peptide. The gentamldn 
• "(MiipXoyed Is a inlieturei of Gentamldn Cj^, Gentamldn 
% Cjj^, and bentamidn For Examples 1-3, the MIC 

values for bacltraqtn are 2 pg/ml against S. aureus . 
64 pg/ml aBainst £. coll . and >256 pg/ml against 
Pflendnnifttitt s aeruginosa . The MIC values for 
gentkmidil are 256 pg/ml against S. aureus . 2 pg/ml 
agaiixst EjLcoli, and >256 pg/ml against P^. 
aeruginosa; The MIC values for tobramycin are >256 
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Mg/ml against S. aureus. 2 jig/ml against E. eoli . and 
128 pg/ml against P. aeruginosa . CPF Z-50 peptide 
has structure number (8) of the CPF peptides 
hereinabove described. Z-52 peptide is of the 
structure (ALSK)^^^. The minimal inhibitory 
concentrations are given below in Table I. 

TABLE I 
MIC With 





Peptide 




Added Antibiotic 


Peptide 


Alone 


Bacitracin 


Gent ami ein 


Tobrai 


Z-52 


32 


8 


16 


16 


MG-2 amide 


256 


32 


4 


32 


PGLa 


32 


16 


2 


32 


A-97 


32 


16 


4 


32 


Magainin 2 


256 


128 


4 


32 


Z-50 


16 


16 


2 


8 


Z-74 


16 


16 


4 


8 






EXAMPLE 


2 





Ln 



Si£2ii organisms were incubated according to the 
prcedure described in Example 1. After the incubation, 
the minimal Inhibitory concentrations against E.coli of 
each of the peptides described in Example 1 alone, as 
well as of each peptide when employed in combination 
with 20% of the MIC for bactracin, were then measured. 
The results are given in Table 2 below. 
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Peptldc 



Peptide 
Alone 



Table 2 
MIC 

Peptide wlfch 
Bacitracin 



Z-52 


8 


8 


hfS-2 amide 




4 


PGLa 


16 


8 


Z-SO 


16 


16 


A'97 


8 


4 


Magainin II 


32 


8 


(amide) 






Z-74 


16 


8 



Example 3 

Id this example, P. aeruginosa organisms were 
incubated according to the procedure described in 
Example 1. After the incubation, the minimal inhibitory 
concentrations of the peptides hereinabove described 
alone, as well as the peptides in combination with 20% 
of the mc of bacitracin, were then measured. The 
results are given below in Table 3. 

Table 3 



Peptide 



Z-52 
Mg-2 
PGLa 
Z-50 
A- 97 

Magainin II 
Z-74 



MIC 

Peptide Peptide with 

Alone Bacitracin Added 



16 
128 
64 

32 
32 
256 
16 



2 
8 
8 
4 
4 
16 
16 



EXAMPLE 4 
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In this example, E. coli or P. aeruginosa organisms 
were incubated according to the procedure described in 
Example 1. After, the incubation, the minimal 
inhibitory concentrations of the peptides hereinabove 
described alone, as well as the peptides in combination 
with 20% of the minimal inhibitory concentrations (MIC) 
of benzyl penicillin or ampicillin, were then measured. 
The MIC of benzyl penicillin against E. coli is 64 
lig/ml, and of ampicillin against E. colt is 4 jig/ml. 
The results are given below in Table 4. 



E. coli- 





Peptide 


Peptide 


alone 


Z-52 


16 


Mg 2- amide 


64 


PGLa 


32 


Magainin 




II 


64 


Z-50 


32 


A-97 


32 


2-74 


4 


P. aerusinoaa- 



TABLE 4 

MIC 
Peptide and 
Benzvl penicillin 



32 

32 
16 



Peptide and 
Ampicillin 

16 
8 
16 

16 
8 

16 
8 



Peptide 



PGLa 
Mg-2 
amide 



128 32 
256 128 



32 
128 
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EXAMPLE 5 

£._£oil and P. aeruoginoga organisms were incubated 
according to the procedure described in Example 1. 
Aftrer the incubation, the minimal inhibitory 
coiicent rat ions of the peptides hereinabove described 
alone, as well as the peptides in combination with 20% 
of the MIC of the monobactam antibiotic aztreonam, were 
then measured. The MIC of aztreonam against E. coli is 
a 2 pg/ml, and against P. aeruginosa, is 8 pg/ml. The 
results are given below in Table 5. 
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E. coli- 



Peptide 



Peptide 
alone 



TABLE 5 
MIC 

Peptide with 
Aztreonam 



Z-52 16 
Mg 2- amide 64 



PGLa 
Z-50 
A-97 

Magainin 

II 
Z-74 



32 
32 
32 

64 
4 



2 

32 

4 

8 

8 

16 
8 



P. aeru^^^nafl- 



Peptide 



Z-S2 32 32 
Mg-2 

amide 128 64 

PGLa 128 64 

Z-50 64 32 

A-97 32 32 
Magainin 

II 256 128 

Z-74 32 8 



The above results indicate that when one of the 
biologically active ion- channel forming peptides 
hereinabove described is added in combination with 
bacitracin, tobramycin, gentamicin, benzyl penicillin, 
ampicillin, or aztreonam, in an amount of 20% of the MIC 
of these antibiotics, against S. aureus . E.coll . or 
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P,aiBruttinoaa , there is, in most cases, a resulting 
synergy between the peptide and the antibiotic. In most 
cas^s, less peptide and less antibiotic may be used 
against these organisms when peptide and antibiotic are 
employed in combination, than if peptide or antibiotic 
alone were employed. 

Example 6 

In this example, the effect of a combination of 
erythromyirf.^^^ and biologically active amphiphilic ion 
charihel-i&rming peptide will be measured against 
K.ptie\amoniae> P. aeruginosa > E.coli , and S. aureus . 

For each of the organisms listed in Table 6 below, 
10^ organisms were mid- log inoculated into 200 ml of 
one-half strength trypticase soy broth. The organisms 
were incubated for 15 hrs. at 37®C. After the 
ihctibation of the organisms, the minimal inhibitory 
concentration in pg/ml for Magainin II 
( amide- terminated) , shown as MGN2, CPF Z-50 
(amide-teinninated) peptide, Z-52 (amide- terminated) 
peptide, against each species of organism was measured 
wherein 10 pg/ml of erythromycin was added and wherein 
no erythromycin was added. The minimal inhibitory 
concentration of erythromycin alone against each species 
of organism was also measured. The minimal inhibitory 
concentrations in pg/ml are given below in Table 6. For 
purposes of explanation, the and signs below the 
"Erythromycin (10 pg/ml)" column indicate the presence 
or absence, respectively, of erythromycin administered 
in combination id.th one of the biologically active 
peptides. K. pneumoniae. P. aeruginosa , and E.coli are 
Orai^rnegative bacteria. 
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Organism 

K . Pneumoniae 



Erthromycin 
(10 UR/ml) 



Table 6 

Minimal Inhibitory Concentration (pg/ml) 



MGN2 
amide 

5 

<0.5 



CPF 
Z-50 amide 

<0.5 
<0.5 



Z-52 
amide 

1.5 
<0.5 



Erythro- 
mycin 

>100 



P . aeruguinosa 



50-100 
<5.0 



<5.0 
<0.5 



5-15 
<1.S 



>100 



5 

0.5 



<5.0 
<0.5 



1.5 
<0.5 



>100 



The above results show that \then one of the 
biologically active ion channel- forming peptides 
shovm in Table 6 is added to 10 pg/ml of 
erythromycin, such a combination of peptide and 
erythromycin is effective against the. Gram-negative 
organisms shown, whereas greater than 100 pg/ml of 
erythromycin alone is required for effective 
biological activity against these Gram-negative 
organisms. The addition of erythromycin to the 
biologically active peptides also enables one to use 
less of the biologically active peptide against 
Gram-negative organisms. Thus, there is provided a 
synergistic effect against Gram-negative organisms 
when erythromycin and a biologically active 
amphiphilic ion channel -forming peptide are 
administered to inhibit growth of Gram-negative 
organisms. 

It was also found that a concentration from 
about 0.6 pg/ml to about 1.25 pg/ml of erythromycin 
alone was required for effective biological activity 



against S. aureus , a Gram-positive organism, and that 
greater than 250 pg/ml of amide- terminated Magainin 
li alone was required for effective biological 
activity against S. aureus , A combination of 10 ug/ml 
of amide- terminated Magainin II and 0.03 ug/ml of 
erythronfjrcin, however » also showed effective 
biological activity against aureus . Thus, it has 
also been shown that a synergistic effect against 
Grasi- positive organisms is also obtained when 
erythromy^itt and a biologically active amphiphilic 
ion channel forming peptide are administered to 
inhibit growth of Gram-positive organisms. The 
addition pf erythromycin to the biologically active 
peptide enables one use less of the biologically 
active peptide against a Gram-positive organism. 

The peptide and antibiotic such as those 
hereinabove described, may be employed for treating a 
wide Variety of hosts. In accordance with a 
preferred embodiment, a host is an animal, and such 
animal ma^r be a human or non-human animal. It is 
also possible ^to administer the peptide and 
antibiotic in separate forms. For example, the 
antibiotic may be administered systemlcally and the 
peptide m^ be administered topically. 

Tbie peptlcle and/or antibiotic such as those 
hereln€J>ove described, may be employed In a wide 
variety of pharmaceutical compositions in combination 
with^a noh-toxib pharmaceutical carrier or vehicle 
such as a filler, non-toxic buffer, or physiological 
saline sbliiition. Such pharmaceutical compositions 
may be used topically or systemlcally and may be in 
any suitable form such as a liquid, solid, 
semi-solid, injectable solution, tablet, ointment, 
lotlbh, paste, capsule, or the like. The peptide 
and/or antibiotic such as those hereinabove described 
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may also be used in combination with adjuvants, 
protease inhibitors, or competible drugs where 'such a 
combination is seen to be desirable or advantageous 
in controlling infection caused by harmful 
microorganisms . 

When the peptide is administered topically, it 
is administered in combination with a water-soluble 
vehicle, said water-soluble vehicle being in the form 
of an ointment, cream, lotion, paste, or the like. 
Examples of water-soluble vehicles which nay be 
employed include, but are not limited to, glycols, 
such as polyethylene glycol, hydroxycellulose. and KY 
Jelly. The water-soluble vehicle is preferably free 
of an oily substance. 

The combination of peptide and antibiotic of the 
present invention may be administered to a host; in 
particular an animal, in an effective antibiotic 
amount. When used to inhibit growth of bacterial 
cells, the combination, whether administered as a 
mixture or separately, is employ.ed^n an effective 
antibacterial amount. When used to Inhibit growth of 
fungi, such components are administered in an 
effective antifungal amount. 

As representative examples of administering the 
peptide and antibiotic for topical or local 
administration, the peptide could be administered In 
an amount of from about 0.1% to about 10% weight to 
weight; and the antibiotic is delivered In an amount 
of from about 0.1% to about 10% weight to weight. 

Numerous modifications and variations of the 
present invention are possibU In light of the above 
teachings and, therefore, within the scope of the 
appended claims, the invention may be practiced 
otherwise than as particularly described. 



WO90/J2587 



PCr/US90/01974 



-36- 

VMAt IS CLAIMED IS 
: 1- A process comprising: 

administering to a host at least one biologically 
active amphiphilic peptide, said peptide being an ion 
channel- forming peptide; and 

an antibiotics selected from the class consisting of 
bfiicitracins , aminoglycoside antibiotics , penicillins , 
moia^bactOTxs , hydrophobic antibiotics, 50-S ribosome 
irdi^Lbttor^t ajad antibiotics having a large lipid- like 
^Lactone biologically active amphiphilic peptide 

" and j^aid %n^li being administered in amounts 

effective to inhibit growth of a target cell of a host 

2. The process of Claim T wherein the peptide is a 
basic polypeptide having at least sixteen amino acids, 
wherein said basic polypeptide includes at least eight 
hydrophobic aniino acids and at least eight hydrophilic 
amino acids. ^ 

3, The process of Claim 2 wherein said polypeptide 
comprises a chain of at least four groups of amino acids, 
each of said at least four groups consisting of four amino 
acids, wherein two of the four amino acids in each group 
are hydrophobic amino acids , and two of the four amino 
acids in each group are hydrophilic amino acids, with at 
least one of the hydrophilic amino acids in each group 
beix« a basic hydrophilic amino acid and the other 
hy4r9philic am^no acid being a basic or neutral 
hydi^hilic amino acid. 

, ^ 4. The process of Claim 3 wherein each of said 
groups of four apino acids is of the sequence ABCD, BCDA, 
CDAB, or DABC, wherein A and B are each hydrophobic amino 
acids and may be the same or different, one of C or D is a 
basic hydrophilic amino acid, and the other of C or D is a 
basic or neutral hydrophilic amino acid and may be the 
same or different. 
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5. The process of Claim 1 wherein the peptide is a 
magainin peptide. 

6. The process of Claim 5 wherein said magainin 
peptide includes the following basic peptide structure: 

""^ll'^ll"h2"^13"^14"'^12"^ll"^U" 

wherein 1^^^ is a hydrophobic amino acid, is a basic 
hydrophilic amino acid, Rj^^ is a hydrophobic, neutral 
hydrophilic, or basic hydrophilic amino acid, Rj^^ and Rj^^ 
are hydrophobic or basic hydrophilic amino acids, Rj^^ is 
glutamic acid or aspartic acid, a hydrophobic amino acid, 
or a basic hydrophilic amino acid, and n is 0 or 1. 

7. The process of Claim 6 wherin Rj^^ is a 
hydrophobic or neutral hydrophilic amino acid. 

8. The process of Claim 6 wherein Rj^^^ is a 
hydrophobic amino acid. 

9. The process of Claim 6 wherein Rj^^ is glutamic 
add or aspartic acid. 

10. The process of Claim 5 wherin said magainin 
peptide is of the following basic peptide structure: 

'"^14-^ll"^14a"h2"hl-^ll-Rl2-h3-^ll- 

^14"^12"^ll"*ir^l2"' * 
wherein Rj^j^ is a hydrophobic amino acid, Ti^^ i* a basic 
hydrophilic amino acid, R^^^ is a hydrophobic, neutral 
hydrophilic, or basic hydrophilic amino acid, and Rj^^ and 
^14a "® hydrophobic or basic hydrophilic amino acids. 

11. The process of Claim 10 wherein Rj^j is a 
hydrophobic or neutral hydrophilic amino acid. 

12. The process of Claim 10 wherein Rj^^^ is a 
hydrophobic amino acid. 

13. The process of Claim 1 wherein the peptide is a 
cecropin. 

14. The process of Claim 1 wherein the peptide is a 
sarcotoxin. 
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15. The process of Claim 1 wherein the peptide is a 
XFF peptide. 

16. The process of Claim 1 wherein the peptide is a 
^GLa peptide. 

17. The process of Claim 1 wherein the peptide is a 
CPP peptide . 

18. . The process of Claim 1 wherein said antibiotic 
is a bacitracin or an analogue or derviative thereof. 

19. The prpcess of Claim 1 wherein said antibiotics 
is an aoyLnoglycoside antibiotic. 

20. The process of Claim 19 wherein said amino 
glj^orside «mt:ibiotic is tobramycin or a derivative or 
anaiogU;e thereof . 

21. The process of Claim 19 wherein said 
aminoglycoside antibiotic is a gentamicin or a derivative 
or ianalbgue thereof. 

22. The process of Claim 1 wheein said antibiotic is 
a penicillin or derivative or analogue thereof. 

23. The process of Claim 1 wherein said antibiotic 
is i^onoliactam or derivative or analogue thereof. 

^24. The process of Claim 1 wherein said antibiotic 
is :i hydrophobic antibiotic. 

■ The process of Claim 24 wherein said hydrophobic 
an^;t!brq;M.c is a macrolide antibiotic. 

26. ; The process of Claim 25 wherein said macrolide 
antibiotic is erythromycin or a derivative or analogue 

■ thereof. 

27. The process of Claim 1 wherein said antibiotic 
. is a- 50-S|ribpsome inhibitor. 

28. The process of Claim 1 wherein said antibiotic 
has a large lipid- like lactone ring. 

■29. A composition comprising: 
(a) at least one biologically active amphiphilic 
peptide, said peptide being an ion channel- forming 
peptide; and 
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(b) an antibiotic selected from the class consisting 
of bacitracins, aminoglycoside antibiotics, penicillins, 
monobactams, hydrophobic antibiotics, 50-S ribosome 
inhibitors, antibiotics having a large lipid- like lactone 
ring, and derivatives and analogues thereof. 

30. The composition of Claim 29 wherein said 
components (a) and (b) are present in an amount effective 
to inhibit growth of a target cell. 

31. The composition of Claim 29 wherein the peptide 
is a basic polypeptide having at least sixteen amino 
acids, wherein said basic polypeptide Includes at least 
eight hydrophobic amino acids and at least eight 
hydrophillc amino acids. 

32. The composition of Claim 31 wherein said 
polypeptide comprises a chain of at least four groups of 
amino adds, each of said at least four groups consisting 
of four amino acids, wherein two of the four amino acids 
In each group are hydrophobic amino acids, and two of the 
four amino acids in each group are hydrophillc amino 
acids, with at least one of the hydrophilic amino acids in 
each group being a basic hydrophillc amino acid and the 
other hydrophillc amino add being a basic or neutral 
hydrophillc amino acid. 

33. The composition of Claim 32 wherein each of said 
groups of four amino acids is of the sequence ABCD, BCDA. 
CDAB, or DABC, wherein A and B are each hydrophobic amino 
acids and may be the same or different, one of C or D is a 
basic hydrophillc amino add, and the other of C or D is a 
basic or neutral hydrophillc amino acid and may be the 
same or different. 

34. The composition of Claim 29 wherein the peptide 
is a magainln peptide. 

35. The composition of Claim 34 wherein said 
magainln peptide includes the following basic peptide 
structure: 
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"^ll'Hl"^l2'*i3"^14"^12'^ll"^14" 

wherein is a hydrophobic amino acid, Rj^2 is a basic 
hydrophiiic amino acid, Rj^^ is a hydrophobic, neutral 
hydrophilic, or a basic hydrophiiic amino acid, R^^^ and 
^14a ;7^y<*rophpbic or basic hydrophiiic amino acids, R^^ 
. is glutamic acid or aspartic acid, a hydrophobic amino 
acid, or a basic hydrophiiic amino acid, and n is 0 or 1. 

36. The composition of Claim 35 wherein Rj^^ is a 
hydrophobic qr basic hydrophiiic amino acid. 

37. The composition of Claim 35 wherein Rj^^^ is a 
hydrophobic amino acid. 

38. The composition of Claim 35 wherein R^^ is 
glutamic acid or aspartic acid. 

39. The composition of Claim 34 wherin said magainin 
pept:ide is of the following basic peptide structure: 

'■^14'^lrt4a"*12"^ll"^ll-^12"^13"^ir 

^14"^12"%1"*11"^12" ' 
wherein Rj^j^ is a hydrophobic amino acid, R^j is a basic 

hydrophiiic amino acid, Rj^^ is a^lij^rophobic, neutral 

hydrophiiic, or ba,8ic hydrophiiic amino acid, and R^^^ and 

^14a hydrophpljle or basic hydrophiiic amino acids . 

40. The composition of Claim 39 wherein R^j is a 
hydcolphobic or basic hydrophiiic amino acid. 

41. The conposltlon of Claim 39 wherein Rj^^^ Is a 
hydrophobic amino add. 

42. The conposltlon of Claim 29 wherein the peptide 
is a cecropin. 

43. The coiiiposltlon of Claim 29 wherein the peptide 
is a sarcotoxin. 

44. The composition of Claim 29 wherein the peptide 
is a XPF pieptide. 

,45. The composition of Claim 29 wherein the peptide 
is a PGLa peptide. 
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46. The composition of Claim 29 wherein the peptide 
is a CPF peptide. 

47. The composition of Claim 29 wherein said 
antibiotic is a bacitracin or a derivative or analogue 
thereof. 

48. The composition of Claim 29 wherein said 
antibiotic is an aminoglycoside antibiotic. 

49. The composition of Claim 48 wherein said 
aminoglycoside antibiotic is tobramycin or a derivative or 
analogue thereof. 

50. The composition of Claim 48 wherein said 
aminoglycoside antibiotic is a gentamicin or a derivative 
or analogue thereof. 

51. The composition of Claim 29 wherein said 
antibiotic is a penicillin or derivative or analogue 
thereof. 

52. The composition of Claim 29 wherein said 
antibiotic is a monobactam or derivative or analogue 
thereof. 

53. The composition of Claim 29 wherein said 
antibiotic a hydrophobic antibiotic. 

54. The composition of Claim 53 wherein said 
hydrophobic antibiotic is a macrolide antibiotic. 

55. The composition of Claim 54 wherein said 
macrolide antibiotic is erythromycin or a derivative or 
analogue thereof. 

56. The composition of Claim 29 wherein said 
antibiotic is a 50- S ribosome inhibitor. 

57. The composition of Claim 29 wherein said 
antibiotic has a large lipid- like lactone ring. 
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